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ROBOT BATTERY CHARGING 
APPARATUSES AND METHODS 

TECHNICAL FIELD 

0001. The present invention generally relates to robot bat 
tery charging apparatuses and, more particularly, to robot 
battery charging apparatuses and methods for charging 
autonomous robots. 

BACKGROUND 

0002 The use of autonomous robots to complete various 
tasks in industrial and/or manufacturing applications is 
becoming more prevalent. These robots may move freely and 
operate in a space shared with humans and equipment to 
complete tasks for which they are programmed. A battery 
charging station may be configured to mate with the robot 
when the robot positions itself on the battery charging station. 
With Such an arrangement, there exists a risk of unwanted 
electrical discharge if an object other than the robot is posi 
tioned in between the robot and the battery charging station, 
or if an object comes into contact with exposed charging 
terminals of the battery charging station. 
0003. Accordingly, a need exists for alternative robot bat 
tery charging stations and methods to charge batteries of 
autonomous robots. 

SUMMARY 

0004. In one embodiment, a method of charging a battery 
of a robot includes providing a robot battery charging appa 
ratus having a plurality of charging terminals, providing a 
robot having a plurality of battery terminals configured to 
contact the plurality of charging terminals of the robot battery 
charging apparatus, and moving the robot into an engagement 
position with the robot battery charging apparatus such that 
the plurality of battery charging terminals contact the plural 
ity of charging terminals. The method further includes detect 
ing whether each battery terminal contacts the corresponding 
charging terminal in accordance with a first, second and third 
terminal contact condition. Power is provided to the battery 
from the robot battery charging apparatus through one or 
more of the battery and charging terminals upon averification 
that all of the battery terminals contacted the corresponding 
charging terminals in accordance with at least two of the first, 
second and third terminal contact conditions. 
0005. In another embodiment, a robot battery charging 
system includes a robot having a battery and a plurality of 
battery charging terminals positioned on the robot and elec 
trically coupled to the battery and a robot battery charging 
apparatus having a battery charging unit, a plurality of charg 
ing terminals, and a controller. The plurality of charging 
terminals is configured to contact a plurality of corresponding 
battery terminals positioned on a robot and electrically 
coupled to a robot battery. The controller is configured to 
determine whether each battery terminal contacts the corre 
sponding charging terminal in accordance with a first, second 
and third terminal contact condition. The controller is further 
configured to control the battery charging unit such that a 
charging power is provided to the robot battery from the 
battery charging unit through one or more of the battery and 
charging terminals upon a verification that all of the battery 
terminals contacted the corresponding charging terminals in 
accordance with at least two of the first, second and third 
terminal contact conditions. 
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0006. In yet another embodiment, a robot battery charging 
apparatus includes a battery charging unit, a plurality of 
charging terminals, and a plurality of electronic control units. 
Each of the electronic control units are associated with an 
individual one of the plurality of charging terminals. The 
plurality of charging terminals is configured to contact a 
plurality of corresponding battery terminals positioned on a 
robot and electrically coupled to a robot battery. Each of the 
plurality of electronic control units includes a force sensing 
circuit, a contact timing circuit and an impedance sensing 
circuit. The force sensing circuit is operable to measure a 
contact force value of an associated battery terminal pressed 
against a corresponding charging terminal. The contact tim 
ing circuit is operable to detect a physical contact between the 
associated robot battery terminal and the corresponding 
charging terminal, and determine a time value corresponding 
to the physical contact. The impedance sensing circuit is 
operable to measure a terminal impedance value at the asso 
ciated charging terminal. Charging power is provided to the 
robot battery from the battery charging unit through one or 
more of the robot battery and charging terminals upon two or 
more of the following: the contact force values measured by 
each electronic control unit are within a valid contact force 
range; time lag Values based on the determined time values for 
each electronic control unit are within a valid time lag value 
range; and the impedance values measured by each electronic 
control unit are within a valid terminal impedance range. 
0007. These and additional features provided by the 
embodiments of the present invention will be more fully 
understood in view of the following detailed description, in 
conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008. The embodiments set forth in the drawings are illus 
trative and exemplary in nature and not intended to limit the 
inventions defined by the claims. The following detailed 
description of the illustrative embodiments can be understood 
when read in conjunction with the following drawings, where 
like structure is indicated with like reference numerals and in 
which: 

0009 FIG. 1 depicts a schematic illustration of an exem 
plary robot battery charging apparatus and an exemplary 
robot according to one or more embodiments described and 
illustrated herein; 
0010 FIG.2 depicts a schematic illustration of a rear view 
of any exemplary robot according to one or more embodi 
ments described and illustrated herein; 
0011 FIG. 3 depicts a schematic illustration of an exem 
plary battery terminal assembly according to one or more 
embodiments described and illustrated herein; 
0012 FIG. 4 depicts a schematic illustration of an exem 
plary charging terminal assembly according to one or more 
embodiments described and illustrated herein; 
0013 FIG. 5 depicts a schematic illustration of an exem 
plary battery terminal assembly and an exemplary charging 
terminal assembly in an engagement position according to 
one or more embodiments described and illustrated herein; 
0014 FIG. 6 depicts a schematic of an exemplary battery 
charging apparatus according to one or more embodiments 
described and illustrated herein; and 
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0015 FIG. 7 depicts a schematic of an exemplary elec 
tronic control unit according to one or more embodiments 
described and illustrated herein. 

DETAILED DESCRIPTION 

0016. As described herein, robot battery charging appara 
tuses may generally comprise a battery charging unit and a 
charging terminal assembly having a plurality of charging 
terminals configured to contact corresponding battery charg 
ing terminals located on a robot. After the robot positions 
itself on the robot battery charging apparatus in an engage 
ment position, the robot battery charging apparatus can deter 
mine whether the battery terminals of the robot contact the 
corresponding charging terminals in accordance with a req 
uisite number of terminal contact conditions. Power may be 
provided to the battery of the robot when the robot battery 
charging apparatus determines that the contact between the 
battery terminals of the robot and the charging terminals of 
the robot battery charging apparatus is in accordance with the 
requisite number of terminal contact conditions. Robot charg 
ing battery apparatuses and methods of charging a robot 
battery will be described in more detail herein. 
0017 Referring now to FIGS. 1 and 2, an exemplary robot 
battery charging apparatus 100 and an exemplary robot 150 
are illustrated. It should be understood that embodiments 
described herein are not limited to the configuration of the 
robot and robot battery charging apparatus illustrated in 
FIGS. 1 and 2 as these components are provided for illustra 
tive purposes only. The robot and robot battery charging 
apparatus may be configured in many different shapes, sizes 
and configurations. As such, embodiments described herein 
may be incorporated into any type of mobile robot and/or 
robot charging system. 
0018. The exemplary robot 150 illustrated in FIGS. 1 and 
2 comprises a robot body 170 that is supported by several 
wheels 180, two appendages 175 used to complete pro 
grammed tasks, and a battery terminal assembly 160. The 
battery terminal assembly 160 may be located on a rear sur 
face 172 of the robot body 170 as illustrated in FIG. 2. The 
battery terminal assembly 160 further comprises three battery 
terminals 162 arranged vertically within a battery terminal 
assembly base 161. As illustrated, these battery terminals 162 
may be located on the battery terminal assembly 160 in a 
vertical manner. However, it should be understood that 
embodiments may utilize more or fewer battery terminals 162 
depending on the particular robot application and require 
ments. Embodiments described herein may be implemented 
in robot systems having any number of battery and charging 
terminals as well as any terminal arrangements, configura 
tions and locations (i.e., terminal arrangements other than a 
Vertical arrangement or terminals positioned on a front Sur 
face of the robot, for example). 
0019. The robot battery charging apparatus 100 may com 
prise a housing 110 having a charging Surface 112 from which 
a charging terminal assembly 120 may protrude. In another 
embodiment, the charging terminal assembly 120 may be 
recessed into the housing 110. A battery charging unit 125 
and power Supply 126 may also be maintained within the 
housing 110, as described in more detail below (see FIG. 7). 
The illustrated charging terminal assembly 120 comprises 
three vertically arranged charging terminals 121 extending 
from a charging terminal assembly base 131 configured to 
contact the corresponding battery terminals 162 located on 
the battery terminal assembly 160 of the robot 150. 
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0020 Similarly, as described with respect to the battery 
terminals 162, embodiments may utilize any number of 
charging terminals 121 in any arrangement. The number, 
location and arrangement of the charging terminals 121 
should correspond to the number, location and arrangement 
of the battery terminals 162 positioned on the robot 150 to 
ensure accurate contact between said terminals when the 
robot 150 positions itself on the robot battery charging appa 
ratus 100. Although the charging terminals 121 are illustrated 
throughout the figures as cylindrical pegs, it should be under 
stood that any type of connector pin and/or socket may be 
utilized. 
0021. The charging terminals 121 and the battery termi 
nals 162 should be made of a conductive material to enable 
current flow between the robot battery charging apparatus 
100 and robot 150 through the charging terminals 121 and 
battery terminals 162. The charging terminal assembly base 
131 and the battery terminal assembly base 161 should be 
made of a non-conductive material to prevent electrical short 
ing between the charging terminals 121 and battery terminals 
162 as well as between the robot battery charging apparatus 
100 and the robot 150. 
0022 Referring to FIGS. 3-5, the battery terminal assem 
bly 160 comprises three battery terminals 162a, 162b and 
162c configured as chamfered recesses for accepting three 
corresponding charging terminals 121a, 121b and 121C. The 
chamfer of the battery terminals 162a, 162b, and 162c may 
aid in obtaining a Successful engagement between the robot 
150 and the robot battery charging apparatus 100 by provid 
ing a telescoping fit. Each of the battery terminals 162a, 162b, 
and 162c has a charging terminal engaging Surface 165a, 
165b and 165c, respectively, to engage a corresponding 
charging terminal 121a, 121b and 121c. The battery terminal 
assembly 160 may also comprise conductor elements 167a, 
167b and 167c as illustrated in FIG. 5 to transfer a charging 
current or voltage to the battery of the robot 150. 
0023. Although the battery terminals 162 are illustrated as 
female terminals, it should be understood that the battery 
terminals may have other configurations, such as conductive 
pads in which the charging terminals 121 may contact during 
docking. Additionally, in some embodiments the charging 
terminals 121 may be configured as female connectors or 
terminals and the battery terminals 162 as male connectors or 
terminals. Embodiments described herein may be incorpo 
rated into any connection scheme. 
0024 FIG. 4 schematically illustrates an exemplary charg 
ing terminal assembly 120 having three charging terminals: 
battery charging terminal 121a, ground terminal 121b and 
power Supply terminal 121C maintained within the charging 
terminal assembly base 131 (i.e., first, second and third charg 
ing terminals, respectively). The charging terminals 121a. 
121b and 121C may be configured as male terminals such as 
those illustrated in FIG. 4. The charging terminals 121a, 121b 
and 121C may also have an battery terminal engaging Surface 
135a, 135b and 135c, respectively, that engage the corre 
sponding charging terminal engaging Surfaces 165a, 165b 
and 165c of battery terminals 162a, 162b and 162c, respec 
tively as illustrated in FIG.5. Conductor elements 132a, 132b 
and 132c may also be provided to enable the transfer of 
Voltage or current through the charging terminals 121a, 121b 
and 121c. 

0025. As described above, more or fewer charging termi 
nals may be provided for the same or different purposes than 
those described herein. For example, the robot battery charg 
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ingapparatus may include one or more additional terminals to 
enable communication between the robot 150 and the robot 
battery charging apparatus 100. As described in more detail 
below, battery charging power (power Voltage or current) may 
be provided to the robot 150 through the battery charging 
terminal 121a and the ground terminal 121b. Power supply 
voltage or current to power the robot 150 while the robot is 
docked on the robot battery charging apparatus 100 may be 
provided through the power supply terminal 121c and the 
ground terminal 121b. The charging terminal assembly 120 
may be mounted onto or within the housing 110 by a bracket 
and corresponding mounting hardware 142. 
0026 FIG. 5 illustrates a battery terminal assembly 160 
and a charging terminal assembly 120 in an engagement 
position. The charging terminal engaging Surfaces 165a-165c 
of battery terminals 162a-162c press against the battery ter 
minal engaging Surfaces 135a-135c of charging terminals 
121a-121C with an engagement force. It should be understood 
that the engagement configuration illustrated in FIG. 5 is for 
illustrative purposes only, as many different terminal configu 
rations and arrangements are possible. 
0027. Referring now to FIGS. 5 and 6, coupled to each 
charging terminal 121 are impact absorption springs 122a. 
122b and 122c. The impact absorption springs 122a-122c 
may absorb the force created when the robot 150 positions 
itself on or proximate the robot battery charging apparatus 
100. The force applied by the robot 150 to the robot battery 
charging apparatus 100 causes the impact absorption springs 
122a-122c to deflect in a direction indicated by the arrows A, 
B and C of FIG. 5. 
0028. One end of each impact absorption spring 122a 
122c may be connected to an electronic control unit 123a, 
123b and 123c, respectively. As described in more detail 
below, the electronic control units 123a-c are operable to 
detect or measure contact parameters associated with the 
battery terminals contacting the charging terminals 121a 
121c when the robot 150 docks with the robot battery charg 
ingapparatus 100. Each of electronic control units 123a-123c 
are communicably coupled to a controller 130. The electronic 
control units 123a-123c are configured to transmit terminal 
contact signals (e.g., first, second and third terminal contact 
signals) corresponding to the contact between the battery 
terminals and charging contacts to the controller 130. The 
controller 130 is programmed to determine whether the 
received terminal contact signals satisfy the terminal contact 
conditions, as described in more detail below. 
0029. The exemplary robot battery charging apparatus 
100 depicted in FIG. 6 also comprises three battery charging 
switches 124a, 124b and 124c that are controlled by the 
controller 130. A battery charging switch 124a connects a 
battery charging unit 125 to the battery charging terminal 
121a when activated by the controller 130. Similarly, a 
ground Switch 124b connects robot battery charging appara 
tus ground to the ground terminal 121b, and a power Supply 
switch 124c connects a power supply unit 126 to the power 
supply terminal 121c upon activation by the controller 130. 
The switches 124a-124c may be controlled by one or more 
relays that are controlled by the controller 130, and may be 
any type of Switch capable of providing the requisite Voltage 
and current (e.g., mechanical or Solid state Switches). 
0030 To ensure that power is provided to the charging 
terminals 121 only when a robot is docked on the robot 
battery charging apparatus 100 and not when another object is 
in contact with the charging terminals, the contact between 

Jun. 23, 2011 

each battery terminal 162 and each charging terminal 121 
should satisfy a certain number of terminal contact condi 
tions. When the robot 150 positions itself onto the robot 
battery charging apparatus 100 such that the battery terminals 
162 contact the corresponding charging terminals 121, the 
electronic control units 123 are configured to detect three or 
more contact parameters. The contact parameters are associ 
ated with the contact between the battery terminals 162 and 
the charging terminals 121. The contact parameters are then 
communicated by each of the electronic control units 123 to 
the controller 130 of the robot battery charging apparatus 100. 
The controller 130 then compares the received contact param 
eters with several terminal contact conditions to determine if 
the contact between each battery terminal and each charging 
terminal meets the requisite number of terminal contact con 
ditions. 

0031. In one embodiment, the electronic control units 123 
are configured to detect a first, second and third contact 
parameter. Each charging terminal 121 has a first, second and 
third contact parameter associated therewith. For example, 
the ground electronic control unit 123b detects contact 
parameters associated with the contact imparted on the 
ground terminal 121b. The controller is programmed to com 
pare the first, second and third contact parameters received 
from each electronic control unit with first, second and third 
terminal contact conditions, respectively. In one embodi 
ment, power is provided to the robot only when the controller 
Verifies that the contact parameters for each charging terminal 
are in accordance with at least two of the first, second and 
third terminal contact conditions. In another embodiment, 
power is provided to the robot only when the controller veri 
fies that the contact parameters for each charging terminal are 
in accordance with all three of the terminal contact condi 
tions. Embodiments may also utilize additional terminal con 
tact conditions when enabling power flow from the robot 
battery charging apparatus 100 to the robot 150. 
0032. In one embodiment, the electronic control units 123 
are configured to measure a contact force value, an imped 
ance value and a time value for the respective charging ter 
minals. The electronic control units 123 may be further con 
figured to provide the controller with first, second and third 
contact signals corresponding to the measured contact force, 
impedance and time values. In this embodiment, the first, 
second and third terminal contact conditions comprise a valid 
contact force range, a valid terminal impedance range and a 
valid time lag value range. The controller 130 will therefore 
provide power from the battery charging unit 125 to the robot 
150 when each charging terminal 121a–121b is contacted by 
the corresponding battery terminal 162 with a force that is 
within the valid contact force range, an impedance that is 
within the valid terminal impedance range, and at a timing 
Such that the time lag between physical contact of each charg 
ing terminal is within a valid time lag value range. 
0033 Referring now to FIG. 7, an exemplary electronic 
control unit 123 is illustrated. The electronic control unit 123 
comprises a force sensing circuit 127, a contact timing circuit 
128 and an impedance sensing circuit 129. The parameters 
sensed by these circuits may be transmitted to the controller 
130 for a determination whether they meet the first, second 
and third terminal contact conditions. 

0034. The force sensing circuit 127 detects a contact force 
value that corresponds to an amount of force provided when 
a battery terminal 162 Strikes the corresponding charging 
terminal 121 as the robot 150 docks itself on the robot battery 
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charging apparatus 100 (e.g., when the charging terminal 
engaging surfaces 165a-165c contact the battery terminal 
engaging surfaces 135a-135c. The force sensing circuit 127 
may comprise an analog strain gauge, pressure sensor or other 
similar device capable of measuring force. The resulting con 
tact force value may then be transmitted to the controller 130 
for a determination whether it is within the valid contact force 
range. The valid contact force range may be variable and 
software or hardware controlled. The robot 150 may be pro 
grammed to dock with the robot battery charging apparatus 
100 at a particular force such that the measured force value is 
within the valid contact force range. If the robot 150 or an 
object other than the robot does not contact the charging 
terminals 121 within the valid contact force range, the con 
troller 130 may prevent power from being applied to the 
charging terminals 121. 
0035. The contact timing circuit 128 detects a physical 
contact of a battery terminal 162 with the corresponding 
charging terminal 121 and a time value associated with the 
physical contact. The electronic control unit 123 is configured 
to then transmit the time value to the controller 130. The 
controller 130 receives the time values from the electronic 
control units 123 and compares them to one another to deter 
mine a plurality of time lag values. In one embodiment, the 
contact timing circuit of each electronic control unit com 
prises a synched counter that provides a time value upon 
contact of the battery terminal with the corresponding charg 
ing terminal. In another embodiment, the electronic control 
unit may calculate the time lag values rather than the control 
ler. 

0036. As an example and not a limitation, in an embodi 
ment having three charging terminals, the electronic control 
unit 123a associated with the battery charging terminal 121a 
may provide a time value of 12.345 to the controller, the 
electronic control unit 123b associated with the ground ter 
minal 121b may provide a time value of 12.333, and the 
electronic control unit 123 cassociated with the power supply 
terminal 121c may provide a time value of 12.400. The con 
troller 130 may be programmed to compare these time values 
with one another to determine three time lag values. A first 
time lag value A is the difference between the time value of 
the battery charging terminal 121a and the time value of the 
ground terminal 121b (A=12,345-12.333=12). A second 
time lag value A is the difference between the time value of 
the ground terminal 121b and the time value of the power 
supply terminal 121c (A=12,400-12.333-67). A third time 
lag value A is the difference between the time value of the 
battery charging terminal 121a and the time value of the 
power supply terminal 121c (A=12,400-12,345–55). The 
contact timing condition is satisfied if each of the time lag 
values are within the valid time lag value range, which may 
depend on the application and the frequency in which the 
counteris incremented. The valid time lag value range may be 
easily programmed or adjusted Such that it may be varied on 
demand. If contact between the battery terminals and the 
corresponding charging terminals do not occur within the 
valid time lag value range, a discharge of charging power may 
be prevented. 
0037. The impedance sensing circuit 129 is configured to 
sense one or more terminal impedance values, which may 
include resistance values, capacitance values, inductance val 
ues, or combinations thereof. The impedance sensing circuit 
129 may be any circuit capable of sensing the desired imped 
ance value to be provided to the controller 130. For example, 
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in a resistance value sensing embodiment, the impedance 
sensing circuit 129 may be a voltage divider circuit capable of 
determining the resistance presented at the charging terminal. 
Other circuits capable of detecting resistance, capacitance 
and/or inductance may be utilized. The controller 130 is pro 
grammed to determine whether the terminal impedance val 
ues received from the electronic control units 123 are within 
the Valid impedance range (e.g., a resistance range, a capaci 
tance range or an inductance range). If the terminal imped 
ance values are within the valid impedance range, the condi 
tion is satisfied and, if the other conditions are also met, power 
may be provided to the charging terminals accordingly. Con 
versely, if the terminal impedance values are not within the 
valid impedance range, a discharge of power may be pre 
vented. 
0038. In one embodiment, for power to be provided at the 
charging terminals, all of the charging terminals must be 
contacted in accordance with the first, second and third ter 
minal contact conditions (e.g., the valid contact force range, 
the valid time lag Value range, and the valid terminal imped 
ance range). In another embodiment, each charging terminal 
must be contacted in accordance with at least two of the first, 
second and third terminal contact conditions for power to be 
provided. If the required terminal contact conditions are not 
met, the controller of the robot battery charging apparatus 
may provide an error status signal to the robot. Additionally, 
the error status signal may also be a visual status indicator 
Such as lights positioned on the robot battery charging appa 
ratus to indicate that a docking error has occurred. For 
example, the lights may indicate which charging terminal 
failed during the docking process. The robot battery charging 
apparatus may also comprise a display Such as a liquid crystal 
display, for example, that may display one or more messages 
indicating to an operator which charging terminal caused the 
error and which terminal contact condition failed. The error 
status signal may also be in the form of an audible warning 
that puts personnel on notice that a docking error has 
occurred. 

0039. A charging operation in accordance with one 
embodiment of the present disclosure will now be described. 
As the robot is autonomously or pseudo-autonomously per 
forming a variety of tasks, a sensor within the robot may 
provide a charging request signal to a robot controller. The 
robot controller may then place the robot in a battery charging 
station seeking mode (i.e., a robot battery charging apparatus 
seeking mode) in which the robot autonomously or pseudo 
autonomously moves toward the charging station. 
0040. Once the robot finds the charging station, the robot 
initiates a docking procedure in which it aligns its battery 
terminals with the charging terminals of the charging station. 
The robot then moves itself such that the battery terminals 
contact the charging terminals. The robot and charging station 
may be in communication either wirelessly or by a wired 
connection via one or more terminals. The electronic control 
units associated with the charging terminals of the charging 
station may then measure a plurality of contact parameters 
Such as force, timing and impedance as described above. The 
electronic control units transmit the contact parameters to the 
controller of the charging station, which compares the contact 
parameters to the terminal contact conditions. 
0041) Ifa failure is detected, the charging station may send 
a signal to the robot controller of the robot to retry the docking 
procedure to attempt a Successful dock. An error status signal 
and visual/audible warnings may also be provided. If all (or 
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Some predefined requisite number) of the terminal contact 
conditions are met, the battery charging station controller 
may send a verification signal to the robot controller indicat 
ing that the docking procedure was successful. At this time, 
the charging station enters into a stand-by mode until it 
receives a charge initiation signal from the robot controller. 
0042. Once the robot controller receives the verification 
signal indicating that the docking procedure was successful, 
the robot controller may send signals to other modules within 
the robot (e.g., a laser guidance system) so that Such modules 
may enteracharging mode. After these signals have been sent 
to the other modules, the robot controller may send an enable 
charging signal to the charging station controller. After 
receipt of the enable charging signal, the charging station may 
initiate charging by activating the Switches as described 
above. 
0043. When the battery is completely charged, the charg 
ing station is configured to cease providing power to the 
robot. The robot may continue to operate while remaining 
docked on the charging station by drawing power from the 
power Supply terminal as described above. In this manner, the 
robot may continue to perform tasks while docked on the 
charging station without drawing power from its battery or 
batteries. The robot may then undock itself in accordance 
with an undocking procedure and continue on to complete its 
programmed tasks. 
0044. It should now be understood that embodiments 
described herein verify that a robot is successfully coupled to 
a robot battery charging apparatus and provide power to the 
robot if a predetermined number of terminal contact condi 
tions are met when battery terminals of the robot contact 
charging terminals of the robot battery charging apparatus. If 
a robot or an unauthorized object contacts the charging ter 
minals not in accordance with the predetermined number of 
terminal contact conditions, power is not provided at the 
charging terminals and an error status signal may be issued. 
0045 While particular embodiments and aspects of the 
present invention have been illustrated and described herein, 
various other changes and modifications can be made without 
departing from the spirit and scope of the invention. More 
over, although various inventive aspects have been described 
herein, Such aspects need not be utilized in combination. It is 
therefore intended that the appended claims cover all such 
changes and modifications that are within the scope of this 
invention. 

What is claimed is: 
1. A method of charging a battery of a robot comprising: 
providing a robot battery charging apparatus comprising a 

plurality of charging terminals; 
providing a robot comprising a plurality of battery termi 

nals configured to contact the plurality of charging ter 
minals of the robot battery charging apparatus; 

moving the robot into an engagement position with the 
robot battery charging apparatus such that the plurality 
of battery charging terminals contact the plurality of 
charging terminals; 

detecting whether each battery terminal contacts a corre 
sponding charging terminal in accordance with a first 
terminal contact condition; 

detecting whether each battery terminal contacts the cor 
responding charging terminal in accordance with a sec 
ond terminal contact condition; 
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detecting whether each battery terminal contacts the cor 
responding charging terminal in accordance with a third 
terminal contact condition; and 

providing charging power to the battery from the robot 
battery charging apparatus through one or more of the 
battery and charging terminals upon a verification that 
all of the battery terminals contacted the corresponding 
charging terminals in accordance with at least two of the 
first, second and third terminal contact conditions. 

2. The method as claimed in claim 1, wherein the charging 
power is provided to the battery upon a verification that all of 
the battery terminals contacted the corresponding charging 
terminals in accordance with all of the first, second and third 
terminal contact conditions. 

3. The method as claimed in claim 1, further comprising 
providing an error status signal upon a verification that one or 
more of the battery terminals failed to contact one or more 
corresponding charging terminals in accordance with at least 
two of the first, second, and third terminal contact conditions. 

4. The method as claimed in claim 3, wherein the error 
status signal comprises a visual status indicator, an audible 
warning, or a combination thereof. 

5. The method as claimed in claim 1, wherein detecting 
whether each battery terminal contacts the corresponding 
charging terminal in accordance with the first, second or third 
terminal contact conditions further comprises: 

measuring a terminal impedance value at each of the charg 
ing terminals; and 

determining whether the measured terminal impedance 
value for each charging terminal is within a valid termi 
nal impedance range. 

6. The method as claimed in claim 5, wherein: 
the terminal impedance value is a resistance value, a 

capacitance value, an inductance value, or combinations 
thereof, and 

the valid terminal impedance range is resistance range, a 
capacitance range, an inductance range, or combinations 
thereof. 

7. The method as claimed in claim 1, wherein detecting 
whether each battery terminal contacts the corresponding 
charging terminal in accordance with the first, second or third 
terminal contact conditions further comprises: 

measuring a contact force value provided upon a contact of 
each of the battery terminals with the corresponding 
charging terminals; and 

determining whether each measured contact force value is 
within a valid contact force range. 

8. The method as claimed in claim 1, wherein detecting 
whether each battery terminal contacts the corresponding 
charging terminal in accordance with the first, second or third 
terminal contact conditions further comprises: 

detecting a physical contact between each of the battery 
terminals and the corresponding charging terminals; 

determining time lag values corresponding to the physical 
contacts between each of the battery terminals and the 
corresponding charging terminals; and 

determining whether the time lag values for each charging 
terminal are within a valid time lag value range. 

9. The method as claimed in claim 8, wherein: 
the plurality of battery terminals comprises a first battery 

terminal, a second battery terminal and a third battery 
terminal; 
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the plurality of charging terminals comprises a first charg 
ing terminal, a second charging terminal and a third 
charging terminal; and 

the time lag Values comprise: 
a first time lag value A between the physical contact of 

the first battery terminal with the first charging termi 
nal and the physical contact of the second battery 
terminal with the second charging terminal; 

a second time lag value A between the physical contact 
of the second battery terminal with the second charg 
ing terminal and the physical contact of the third 
battery terminal with the third charging terminal; and 

a third time lag value A between the physical contact of 
the first battery terminal with the first charging termi 
nal and the physical contact of the third battery termi 
nal with the third charging terminal. 

10. A robot battery charging system comprising: 
a robot comprising a battery and a plurality of battery 

charging terminals positioned on the robot and electri 
cally coupled to the battery; and 

a robot battery charging apparatus comprising a battery 
charging unit, a plurality of charging terminals, and a 
controller; 

wherein: 
the plurality of charging terminals is configured to con 

tact the plurality of corresponding battery terminals 
when the robot and the robot battery charging appa 
ratus are in an engagement position; and 

the controller is configured to: 
determine whether each battery terminal contacts a 

corresponding charging terminal in accordance 
with a first terminal contact condition; 

determine whether each battery terminal contacts the 
corresponding charging terminal in accordance 
with a second terminal contact condition; 

determine whether each battery terminal contacts the 
corresponding charging terminal in accordance 
with a third terminal contact condition; and 

control the battery charging unit Such that a charging 
power is provided to the robot battery from the 
battery charging unit through one or more of the 
battery and charging terminals upon a verification 
that all of the battery terminals contacted the cor 
responding charging terminals in accordance with 
at least two of the first, second and third terminal 
contact conditions. 

11. The robot battery charging system as claimed in claim 
10, wherein the charging power is provided to the robot 
battery upon a verification that all of the battery terminals 
contacted the corresponding charging terminals in accor 
dance with all of the first, second and third terminal contact 
conditions. 

12. The robot battery charging system as claimed in claim 
10, wherein the robot battery charging apparatus further com 
prises a plurality of electronic control units associated with 
the plurality of charging terminals, each electronic control 
unit configured to: 

provide the controller with a first terminal contact signal 
corresponding with a contact between each battery ter 
minal contact and the corresponding charging terminal; 

provide the controller with a second terminal contact signal 
corresponding with a contact between each battery ter 
minal contact and the corresponding charging terminal; 
and 

Jun. 23, 2011 

provide the controller with a third terminal contact signal 
corresponding with a contact between each battery ter 
minal contact and the corresponding charging terminal. 

13. The robot battery charging system as claimed in claim 
12, wherein the first terminal contact signal represents an 
impedance value present at an associated charging terminal, 
the second terminal contact signal represents a contact force 
value present at the associated charging terminal, and the 
third terminal contact signal represents a time value at the 
associated charging terminal. 

14. The robot battery charging system as claimed in claim 
12, wherein the first terminal contact condition comprises a 
valid terminal impedance range, the second terminal contact 
condition comprises a valid contact force range, and the third 
terminal contact condition comprises a valid time lag value 
range. 

15. A robot battery charging apparatus comprising a bat 
tery charging unit, a plurality of charging terminals, and a 
plurality of electronic control units, wherein: 

each of the electronic control units are associated with an 
individual one of the plurality of charging terminals; 

the plurality of charging terminals is configured to contact 
a corresponding plurality of battery terminals positioned 
on a robot and electrically coupled to a robot battery; 

each of the plurality of electronic control units further 
comprise: 
a force sensing circuit operable to measure a contact 

force value of an associated battery terminal pressed 
against a corresponding charging terminal; 

a contact timing circuit operable to detect a physical 
contact between the associated battery terminal and 
the corresponding charging terminal, and determine a 
time value corresponding to the physical contact; and 

an impedance sensing circuit operable to measure a ter 
minal impedance value at the corresponding charging 
terminal; and 

charging power is provided to the robot battery from the 
battery charging unit through one or more of the robot 
battery and charging terminals upon two or more of the 
following: 
the contact force values measured by each electronic 

control unit are within a valid contact force range; 
time lag values based on the determined time values for 

each electronic control unit are within a valid time lag 
value range; and 

the terminal impedance values measured by each elec 
tronic control unit are within a valid terminal imped 
ance range. 

16. The robot battery charging apparatus as claimed in 
claim 15, wherein the robot battery charging apparatus fur 
ther comprises a power Supply operable to provide current or 
voltage to the robot such that the robot may operate while 
coupled to the robot battery charging apparatus without draw 
ing power from the robot battery upon two or more of the 
following: 

the contact force values measured by each electronic con 
trol unit are within the valid contact force range; 

time lag values based on the determined time values for 
each electronic control unit are within the valid time lag 
value range; and 

the terminal impedance values measured by each elec 
tronic control unit are within the valid terminal imped 
ance range. 
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17. The robot battery charging apparatus as claimed in 
claim 15, wherein the force sensing circuit comprises a pres 
Sure sensor or a strain gauge. 

18. The robot battery charging apparatus as claimed in 
claim 15, wherein: 

the terminal impedance value is a resistance value, a 
capacitance value, an inductance value, or combinations 
thereof, and 

the valid terminal impedance range is resistance range, a 
capacitance range, an inductance range, or combinations 
thereof. 

19. The robot battery charging apparatus as claimed in 
claim 15, wherein: 

the robot battery charging apparatus further comprises a 
controller communicably coupled to each electronic 
control unit; 

each electronic control unit is operable to transmit the 
contact force values, the time values and the terminal 
impedance values to the controller, 

the controller is operable to: 
determine whether each measured contact force value is 

within the valid contact force range; 
calculate the time lag values based on the determined 

time values and determine whether each time lag 
value is within the valid time lag value range; and 
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determine whether each measured terminal impedance 
value is within the valid terminal impedance range. 

20. The robot battery charging apparatus as claimed in 
claim 15, wherein: 

the plurality of battery terminals comprises a first battery 
terminal, a second battery terminal and a third battery 
terminal; 

the plurality of charging terminals comprises a first charg 
ing terminal, a second charging terminal and a third 
charging terminal; and 

the time lag values comprise: 
a first time lag value A between the physical contact of 

the first battery terminal with the first charging termi 
nal and the physical contact of the second battery 
terminal with the second charging terminal; 

a second time lag value A between the physical contact 
of the second battery terminal with the second charg 
ing terminal and the physical contact of the third 
battery terminal with the third charging terminal; and 

a third time lag value A between the physical contact of 
the first battery terminal with the first charging termi 
nal and the physical contact of the third battery termi 
nal with the third charging terminal. 

c c c c c 


